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Abstract 26 
Low levels of physical activity in youth are an issue internationally, with the age 27 
related decline in levels over the adolescent period of particular concern. This study 28 
evaluated a multi-component school-based intervention (Y-PATH: Youth-Physical 29 
Activity Towards Health), focused on halting the age-related decline in physical 30 
activity of youth in early adolescence. A cluster randomized controlled trial in 20 post 31 
primary schools (10 control, 10 intervention) was conducted. Data were collected 32 
from all 20 schools at baseline (2013), and 12 months (2014), and from 10 of these 33 
schools (5 intervention) at 24 months (2015). The setting was mixed gender post 34 
primary schools residing in the greater area of Dublin, Ireland. Principals from each 35 
school were asked to nominate one first year class group attending their school in 36 
September 2013 to participate in the study (N = 564). Intervention schools 37 
implemented the Y-PATH whole school intervention, comprising teacher component, 38 
parent component, and PE component; while control schools continued with usual 39 
care. The main outcome measure was accelerometer derived average minutes of daily 40 
moderate to vigorous physical activity (MVPA). Data were analysed from October 41 
2015 – November 2017. At baseline 490 participants were assessed (mean age 12.78y 42 
± .42). Results of the multilevel regression analysis confirmed that there was a 43 
significant time intervention effect, and this was predominantly contributed by the 44 
difference between control and intervention groups within females. Findings support 45 
the case for national dissemination of the Y-PATH intervention so that the knowledge 46 
learned can be translated to routine practice in schools. 47 
Key Words: Physical activity, youth, randomized controlled trial, whole school 48 
intervention 49 
 50 
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Introduction 51 
Despite the known importance and associated benefits of regular physical activity 52 
(PA) for health, levels of PA decline dramatically during adolescence [1]. The most 53 
widely endorsed PA guideline stipulates that youth should accumulate at least 60 54 
minutes of moderate-to-vigorous PA (> 60 min. MVPA) daily [2]. The Health 55 
Behaviour in School Aged Children study showed that in Ireland 31% of females, and 56 
43% of males reported accumulating > 60 min of MVPA daily at age 11 [3]. These 57 
low figures, which are relatively consistent with the findings of Woods et al.,[4] in a 58 
nationally representative Irish sample, declined to 20% of females and 36% of males 59 
by age 13 [3]. This decline reflects the critical period of transition of students from 60 
primary to post primary education, and is a key period for intervention.  61 
 62 
The Centers for Disease Control and Prevention, in a review of evidence for PA 63 
promotion strategies [5] concluded that strategies with the potential for greatest reach, 64 
effectiveness and sustainability, such as enhanced PE in schools, should be given the 65 
highest priority for implementation. Consistent with recent findings [5,6], school-66 
based physical education (PE) was highly recommended as an intervention strategy 67 
[7]. A recent review [8] highlighted that comprehensive school based interventions 68 
with components targeting both physical activity and health education appear most 69 
effective.  Van Sluijs et al. [9] in a similar review found that there was strong 70 
evidence showing that school-based interventions with a family or community 71 
component can increase PA in adolescents (defined as ≥ 10 years). This is supported 72 
by the findings of Kriemler et al. [10], who identify school-based application of multi-73 
component intervention strategies as the most promising and consistent strategy for 74 
PA intervention with youth, and those of Krahnstoever Davison et al. [11] who 75 
 4 
demonstrated the importance of peer and family support for PA participation in youth.  76 
 77 
The World Health Organisation [12] emphasised the need for research to generate 78 
sound knowledge on models of successful intervention in PA. The Waters et al. [13] 79 
review indicates that testing short-term, behaviourally focused school-based 80 
interventions for 6-12 year old children is no longer warranted, but that the gap in 81 
research now relates to effective interventions for adolescents. Van Sluijs et al. [9], in 82 
their systematic review of youth PA interventions identified short follow up (less than 83 
six months) as a limitation across the studies reviewed. The Salmon et al. [14] review 84 
also highlighted short-term follow-up as an issue, and recommend that future studies 85 
must include a follow-up of at least 1–2 years. Similarly Dobbins et al. [15] in a 86 
Cochrane systematic review of school-based PA programmes, highlighted the need 87 
for follow up of PA interventions so that long-term impact can be determined. This 88 
lack of long-term follow up along with poorly powered designs as highlighted by 89 
Waters at al. [13], may well explain findings of one recent systematic review [16], 90 
where a low overall effect for interventions on increasing minutes of MVPA amongst 91 
children and adolescents was cited. Waters et al. [13] recommend larger, sustainable 92 
and longer-term studies, guided by theories such as the socio-ecological model, 93 
powered to detect the small changes that are likely to be found. 94 
 95 
Following the recommendations and targeted strategies alluded to above, the Y-96 
PATH (Youth-Physical Activity Towards Health) programme was developed as a 97 
research-informed and evidence-based multi component school-based intervention 98 
[17].  Y-PATH aims to improve PA levels of adolescents through (i) education about 99 
the importance of PA for health and the dangers of sedentary behaviour, (ii) 100 
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increasing proficiency in basic movement skills essential for participation in PA 101 
known as fundamental movement skills (FMS), and (iii)  improving levels of self-102 
efficacy motivation, regulation, and empowerment. In addition to targeting the 103 
adolescent at the individual level, Y-PATH also extends to the whole school by 104 
targeting the teachers and parents within the intervention. The Y-PATH programme is 105 
the first evidence-based intervention of its kind in Ireland, and was developed 106 
following cross-sectional exploratory research [18], using a social-ecological 107 
framework, and based on the Youth Physical Activity Promotion Model [19], with 108 
subsequent development of the teacher education element of the intervention based on 109 
Self-Determination Theory [20,21]. Central to the development of the Y-PATH 110 
intervention at all stages was the need for the intervention to be cost-effective, time-111 
efficient for teachers, and scalable to a national level.   112 
 113 
Previous research on the Y-PATH intervention has included a one-year two school 114 
exploratory trial [21] and a one-year 20-school cluster randomized control trial [22]. 115 
In both of these trials, an intervention effect was found for FMS proficiency 116 
(measured using the Test of Gross Motor Development – Second Edition) [23] 117 
(Ulrich, 2000), while an intervention effect for PA (measured by self-report and 118 
objective accelerometry) was found in the exploratory trial only [21]. The purpose of 119 
the present study is to build on this previous work, and address the research gaps 120 
alluded to above, to investigate the effect of participation in the Y-PATH intervention 121 
over a two-year period on objectively measured MVPA levels of young people. 122 
 123 
Methods 124 
Study design, setting and participants 125 
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The Y-PATH cluster randomized controlled trial targeted first year post primary 126 
students (12 – 13 years old) attending post primary education within a particular Irish 127 
geographical region. Inclusion criteria for post primary schools in this study were that 128 
a) schools have a qualified PE teacher on staff, b) first year students attending the 129 
school were timetabled for a minimum of 70 minutes of PE weekly, c) schools were 130 
mixed gender and situated in the greater area of a large Irish city.  All mixed-gender 131 
schools in the particular Irish geographical region (n = 104) were invited to express 132 
interest in participation in the study if they met the above inclusion criteria. This trial 133 
was registered retrospectively with the ISRCTN (International Standard Registered 134 
Clinical/soCial sTudy Number), and the trial record is available at 135 
http://www.isrctn.com/ISRCTN20495704. 136 
 137 
Sample size estimation was carried out by considering the 12% of Irish adolescents 138 
estimated to meet the 60-minute daily MVPA guideline [4] nationally in Ireland. A 139 
total of 18 schools (9 per arm, with an average of 27 participants per school) were 140 
estimated to provide at least 80% power at a 5% level of significance (2-sided) to 141 
detect a 20% difference (with an intraclass correlation of 0.1) in the proportion of 142 
children meeting the 60-minute MVPA guidelines at 12 months. To allow for 143 
attrition, a further 2 schools per arm (with 27 students per school) were required, 144 
increasing the targeted sample to 20 schools. Principals of 26 schools returned 145 
expressions of interest, screening of these schools highlighted that 22 schools met the 146 
inclusion criteria, all 22 schools were recruited to participate in the study. One first 147 
year class group from each school was randomly selected by the school principal to 148 
participate. Two schools subsequently withdrew from the study prior to 149 
commencement due to changes in staffing (PE teacher and principal), reducing 150 
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numbers to 20 overall.  151 
Randomization was carried out at the school level rather than at the student level, to 152 
minimize the possibility of students or teachers in the control groups being influenced 153 
by intervention group participants. The 20 recruited schools were pair-matched prior 154 
to baseline testing based on the following criteria: socioeconomic status 155 
(disadvantaged, non-disadvantaged, and fee paying), school size (small 0 - 299 156 
students, medium 300 - 599 students, large >599 students), and facilities (school hall, 157 
size of hall, basketball courts etc.). One school from each pair was then randomly 158 
allocated by the study principal investigator to the control group (and the other to the 159 
intervention group) using a manual number generator in blocks of 1:1, prior to the 160 
commencement of baseline testing 161 
Outcome assessments were conducted with students in all 20 schools at baseline (T1, 162 
September-October 2013), at 12 months follow up (T2, September-October 2014).  163 
All schools were invited to remain involved in the study for a further 12 months. Ten 164 
of these schools (5 intervention and 5 controls) consented to remain involved in the 165 
study, with the remaining ten unable to continue beyond the original 12-month 166 
commitment for a variety of reasons (including change in principal or PE teacher, and 167 
commitments already made to other PA initiatives for the following 12 months). As 168 
such, outcome assessment was conducted with this sub-sample of 10-schools at 24 169 
months follow up (T3, September-October 2015). Principal consent, opt-in written 170 
parental consent, and participant assent were required prior to data collection. All 171 
participants were free to withdraw from the research at any stage. Full approval for 172 
this study was granted by the Dublin City University Research Ethics Committee 173 
(DCUREC/2010/081). CONSORT guidelines were followed to ensure no bias was 174 
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observed in this study. Fig 1 documents the flow of participants through the study. 175 
The lower numbers at T2 compared to T1 are explained by i) children’s absence from 176 
school on the day of testing, ii) children choosing to withdraw from the study, and iii) 177 
injury/illness that prevented them from completing the protocol. The fewer schools 178 
involved at T3 explains in large part the lower number at this time point, along with 179 
reasons i) to iii) outlined above. 180 
Fig 1  Flow of participants through the study 181 
Intervention 182 
Guiding Principles 183 
The theoretical framework driving the Y-PATH intervention is shown in Fig 2. Full 184 
detail on the development of the Y-PATH intervention, and of the various 185 
components involved in the intervention, are given in Belton et al. [18]. The guiding 186 
principles of the intervention are given below: 187 
1. The first experience of PE for the students at second level school will be 188 
Health-Related Activity, with a focus on PA participation (move from PE 189 
being associated with a specific activity or sport, to being associated with 190 
learning to be active) 191 
2. PE lessons will focus on maintaining MVPA levels, and improving students’ 192 
attitude towards PA, self-efficacy and FMS levels.  193 
3. The climate in PE lessons will be motivational; all students learn that they can 194 
be active, experience a range of choice, and learn to challenge themselves and 195 
experience success within their own parameters (focus on attitude and self-196 
 9 
efficacy). 197 
4. Parents/guardians and non-specialist PE teachers targeted as role models that 198 
can have a significant influence on students’ attitudes towards PA 199 
participation (move from traditional notion of PE teacher being the person in 200 
the school with sole responsibility for health and PA).   201 
Fig 2  Theoretical framework of the Y-PATH intervention 202 
Components of the Y-PATH Intervention 203 
The Y-PATH intervention is a whole-school multi-component intervention 204 
programme, aimed at reducing the age-related decline of MVPA in adolescents. The 205 
different components target students, teachers and parents, with a PE component, a 206 
whole-school teacher component and a parent component. 207 
PE Component: Y-PATH PE has a strong focus on physical literacy development 208 
(developing student motivation, self-confidence, FMS mastery, physical fitness, and 209 
Health-Related Activity knowledge) within the PE class, with the school’s qualified 210 
PE teacher trained to deliver Y-PATH PE over the full academic year. Crucially, Y-211 
PATH PE does not add to the existing teaching requirements of the PE teacher, rather 212 
offers a renewed structure and emphasis through which to deliver the existing state 213 
curricula for PE at Junior Cycle. Y-PATH PE fully upholds the existing Department 214 
of Education and Skills’ Junior Cycle Physical Education Curriculum [24], but 215 
changes the focus, direction and philosophy of delivery.  216 
PE teachers in the intervention condition received four hours of Y-PATH Continuing 217 
Professional Development on the implementation of the Y-PATH-PE element, prior 218 
to the commencement of the academic school year. As part of this element of the 219 
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intervention the PE teachers receive a set of six targeted lesson plans to be delivered 220 
by the PE teacher to their class groups for the first six weeks of the academic year in 221 
first year, and a second set to be delivered for the first six weeks of the second 222 
academic year. These lessons focus heavily on motivational climate, integrating 223 
health related activity core knowledge through fun and engaging practical lessons, 224 
with an emphasis on FMS proficiency throughout. For the remainder of the school 225 
year, the teachers are given a set of resource cards as teaching prompts to enable them 226 
to integrate a Health-Related Activity and FMS focus within the other core PE content 227 
areas (Gymnastics, Dance, Aquatics, Games, Outdoor and Adventure Activities, and 228 
Athletics) while teaching for a motivational climate. Y-PATH PE is supported by a 229 
student ‘PA journal’ that teachers are asked to integrate as part of regular PE class, so 230 
that students learn to track their PA behaviours and identify ways they could improve 231 
their PA levels. In addition, a local ‘PA directory’ that contains information and 232 
contact details for a range of youth sport and PA clubs in the local community is 233 
provided, to assist PE teachers in linking students with PA opportunities beyond the 234 
school.  235 
Whole-School Component: The whole-school component included two ‘PA 236 
Promotion’ workshops for teachers delivered by a Y-PATH-trained facilitator, as well 237 
as the development and implementation of a school ‘charter’ for physical activity with 238 
specific targets agreed by the school community. All teachers within the school are 239 
encouraged to be ‘active role models’ for students.  240 
Parent Component: This included an information evening delivered by a Y-PATH-241 
trained facilitator, and a parents’ PA information leaflet distributed periodically 242 
through the school newsletter. Both the information evening and the information 243 
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leaflets highlight key strategies for promoting PA beyond the school environment 244 
which are discussed with parents and emphasized periodically. 245 
Schools allocated to the intervention condition were asked to implement the whole-246 
school Y-PATH intervention over the full academic year, the 5 intervention schools 247 
that remained in the study for the second academic year were asked to implement the 248 
intervention for this second year also. Control schools were asked to continue with 249 
usual care, without any researcher input over the academic year. Usual care in this 250 
context consisted of regular delivery of the Irish Junior Cycle PE curriculum, and 251 
their broader school curricula.  252 
 253 
Data collection 254 
Measures taken in this study were accelerometer measured MVPA, and body mass 255 
index (BMI). The measurements are detailed below, and were taken by trained 256 
research assistants who visited the schools at each of the three time points (T1, T2, 257 
and T3). Research assistants were not blinded to control or intervention condition 258 
assignment as it was not possible given the nature of the intervention (for example Y-259 
PATH teaching posters are displayed on school walls as part of the intervention).  260 
Accelerometer data was used to derive the primary outcome measure, mean student 261 
duration (minutes) of MVPA per day. Participants were asked to wear an Actigraph 262 
accelerometer (models GT1M, GT3X or GT3X+; Actigraph LLC, Pensacola, FL) on 263 
an adjustable elasticated belt above the iliac crest of the right hip. Participants were 264 
asked to wear the accelerometer during all waking hours, with the exception of water-265 
based activities such as showering and swimming, and contact sports deemed unsafe 266 
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for accelerometer wear (e.g. rugby) for a total of nine consecutive days. 267 
Accelerometers were set to record using a 10-second epoch [25]. A number of 268 
strategies were employed to maximize wear-time compliance [26]: students were met 269 
in the morning of each school day to ascertain compliance with the wear instructions; 270 
an optional twice daily SMS reminder text was sent to students before school, and in 271 
the afternoon immediately after school; a specific teacher in each school checked 272 
whether or not participants were wearing their monitors during each school day; 273 
students were advised to place reminders to wear monitors in noticeable areas in their 274 
homes; and students who were compliant with the wear-time inclusion criteria, 275 
entered a class draw for a €20 sports voucher (per class).  276 
In line with previous studies [25,27], the minimum number of valid days required for 277 
inclusion in accelerometer data analysis was two days [28],  a day was deemed valid 278 
(and therefore included in analysis) if there was a minimum of 8 hours recorded wear-279 
time per day [29], and monitor non-wear was defined as ≥20 consecutive minutes of 280 
zero counts. Any counts below zero and above 15,000 were excluded, due to 281 
biological implausibility [30]. The mean daily minutes spent in moderate-to-vigorous 282 
physical activity (MVPA) were estimated using the validated cut points, derived by 283 
Evenson et al. (2008) for adolescents in this age group: MVPA ≥ 2296 counts/min.   284 
Standing height was measured using a portable stadiometer (Leicester Height 285 
Measure) in centimetres (cm) to the nearest two decimal places. Weight was 286 
measured using a portable calibrated scales (SECA) in kilograms (kg) to the nearest 287 
0.5kg. BMI was calculated using the formula weight(kg)/height2(m2). Participants 288 
completed the measurements in light clothing without shoes.  289 
 290 
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Statistical Analysis 291 
Multilevel linear regression analysis was used to examine the effect of the Y-PATH 292 
intervention on average minutes of MVPA (Total MVPA). A three level multilevel 293 
structure was proposed with random intercepts, where time (Level one), pupils (Level 294 
two) and schools (Level three) served as the grouping variables, where time was 295 
treated as a fixed effect in the model but was also incorporated as a random slope 296 
effect (repeated measure) in the residual component. The structure is outlined in 297 
equations 1-5. All fixed effect interactions were examined.  The repeated measures 298 
component was analyzed for unstructured, unstructured heterogeneous (equation 5), 299 
autoregressive, autoregressive heterogeneous and compound symmetry variance 300 
structures.  301 
 𝑌𝑖𝑗𝑘 = β0 + β1𝑡𝑖𝑗 + β2𝑔𝑖𝑗 + β3𝑇𝑋𝑖𝑗 + β4𝑡𝑖𝑗
2 + β5𝑔𝑖𝑗𝑇𝑋𝑖𝑗 + 302 
                                    β6𝑔𝑖𝑗𝑡𝑖𝑗 + β8𝑡𝑖𝑗𝑇𝑋𝑖𝑗 + β6𝑔𝑖𝑗𝑡𝑖𝑗𝑇𝑋𝑖𝑗 + β7𝐵𝑎𝑠𝑒𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑖𝑗 +303 
                                    β8𝐵𝑎𝑠𝑒𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑖𝑗𝑇𝑋𝑖𝑗 +  𝑈0𝑗 + 𝑉𝑜𝑖𝑗 + 𝜀𝑖𝑗𝑘                           (1) 304 
                         305 
           306 
 With 307 
 𝑈0𝑗 = 𝑁(0, σ𝑢0
2)       (2)  308 
And 309 
  V1ij~N(0, σ𝑣0𝑗
2)        (3)  310 
And 311 
  εijk ~ N(𝟎, 𝐑)         (4)    312 
 R = (
𝑅1 0 0
0 ⋱ 0
0 0 𝑅𝑛
) 313 
 314 
And 315 
  𝑅𝑠𝑢𝑏 = (
σ𝜀11
2 ρ12σ𝜀12 ρ13σ𝜀13
ρ12σ𝜀12 σ𝜀22
2 ρ23σ𝜀23
ρ13σ𝜀13 ρ23σ𝜀23 σ𝜀33
2
)      (5) 316 
 317 
Where  𝑡𝑖𝑗, ,  𝑔𝑖𝑗 and TXij are time, gender and treatment for student i from school j at 318 
time point k for n subjects, σ𝜀
𝑘𝑘′
=  covariance (εk, εk’) (k ≠ k’) and ρ𝑘𝑘′ = correlation 319 
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(εk, εk’) 320 
 321 
The model outlined in equation 1 also had higher order time covariates incorporated 322 
to examine the possibility of a non-linear time effect on MVPA. Heterogeneity of 323 
treatment effects was examined by incorporating an additional interaction between 324 
treatment and the baseline BMI and baseline MVPA covariates. Regression 325 
coefficients for the group variables (where ‘0’ indicated Control schools, and ‘1’ 326 
indicated Intervention schools) reflected average differences in the outcome variable 327 
over time adjusted for baseline outcome values, timing of follow-up measures, and a 328 
priori covariates known to moderate MVPA (gender and BMI) over 3 time periods. 329 
To determine the time points at which any intervention effects occurred at (T1 (0), T2 330 
(1), or T3 (2)), post-hoc stratified analyses comparing the estimated marginal means 331 
of the interaction variables were performed for the Intervention and the Control 332 
groups, and comparisons were made with t-tests using Satterwhaite degrees of 333 
freedom. Random Intercepts were assessed for significance using the Wald statistic 334 
with statistical significance set at p<0.05. The covariance structure of the mixed 335 
model outlined in equation 1 was evaluated by assessing the Akaike (AIC) 336 
information criterion and Bayesian information criterion (BIC). Analyses were 337 
performed using SPSS software version 24 (IBM Corporation). 338 
 339 
Results 340 
A total of 490 participants from 20 schools were involved in this research at baseline 341 
(T1), this dropped to 420 participants from 20 schools at 12-month follow-up (T2), 342 
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and to 249 participants from 10 schools at 24-month follow-up (T3). Baseline 343 
characteristics of the participant sample by gender and intervention condition are 344 
given in Table 1. An independent samples t-test revealed no significant differences in 345 
age or BMI between participants that met or did not meet the accelerometer inclusion 346 
criteria. Minutes of MVPA by gender and intervention condition across the three time 347 
points are given in Table 2, and shown graphically in Fig 3.  348 
Table 1 Baseline characteristics (mean ± standard deviation) by gender 349 
and intervention condition  350 
 
Control Intervention 
  Male Female Male Female 
 Age (years)  12.81 ± .44  12.8 ± .41 12.8 ± .42  12.79 ± .4  
 BMI (kg/m2) 
 
 19.34 ± 3.15  20.29 ± 2.81 20.01 ± 3.06   20.83 ± 3.45 
 MVPA 
(mins/day) 
 61.24 ± 24.97 48.68 ± 22.41  56.18 ±2 0.54  53.34 ± 18.77  
 351 
Table 2 Sample size and MVPA (minutes/day) at each time point by 352 
gender and intervention condition 353 
  
Control 
 
Intervention  
Female Male Female Male 
  
N 
Mins 
MVPA  
n 
mins 
MVPA 
N 
mins 
MVPA 
n 
mins 
MVPA 
T1 123 61.25 118 48.68 112 56.18 118 53.34 
T2 80 54.99 90 42.33 76 54.45 82 49.44 
T3 40 55.46 61 38.35 48 54.12 54 50.47 
 354 
 355 
Figure 3 MVPA (minutes/day) across time and gender for Control and 356 
Intervention groups  357 
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 358 
An Autoregressive (AR) covariance structure was found to have the lowest AIC and 359 
BIC.  The random intercept for School was found to be marginally insignificant 360 
(21.439, p=0.051, Wald Z =1.953), and the AR diagonal (233.255, p<0.001, Wald 361 
Z=19.467) and the AR ρ (.125, p=0.01, Wald Z =2.574) of the error term were found 362 
to be significant. In this model the intercept term at a student level was excluded, as it 363 
was described fully by AR covariance structure. The higher order powers of time, the 364 
interaction between baseline BMI and treatment were excluded from the final model 365 
as they were highly insignificant and they had no direct impact on lower order model 366 
terms. Additionally, including baseline BMI would have reduced the data volume by 367 
over 10% due to the missing values. 368 
 369 
The final parameter estimates for the fixed effects of the final model choice are shown 370 
in Table 3, and similarly the Type III test effects for the final interaction effects are 371 
shown in Table 4.  372 
 373 
 374 
Figure 4  Minutes of MVPA by intervention condition and Gender 375 
 376 
Table 3 Parameter estimates of main fixed effects  377 
Parameter Est. S.E. D.F. t p C.I. 
Intercept 24.961 3.495 80.134 7.141 <0.001** (18.005,31.918) 
Time        
Time (1v3) -0.932 2.278 772.062 -0.335 0.738 (-6.404,4.539) 
Time (1v4) -1.185 2.797 480.827 -0.424 0.672 (-6.681,4.311) 
Gender (M/F)  5.982 3.09 771.32 1.936 0.053 (-0.084,12.047 
Intervention (C/T) -11.842 4.690 80.919 -2.525 0.014* (-21.175,-2.509) 
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For Gender = Female and time = 4 
Gender *Intervention 4.369 4.422 772.955 0.988 0.323 (-4.321,13.049) 
Time*Intervention       
Time 1 * Male -3.352 3.935 739.160 -0.852 0.395 -(11.076,4.373) 
Time 3 * Male 0.841 4.009 506.500 0.210 0.834 (-7.0358, 8.718) 
Time* Intervention       
Time 1 * Control 7.487 3.753 771.995 1.995 0.046* (0.121,14.853) 
Time 3 * Control 1.645 3.763 498.101 0.437 0.662 (-5.747,9.038) 
Gender*Intervention*Time       
Time 1 * Male*Control -2.212 5.470 770.614 -0.404 0.686 (-12.951,8.526) 
Time 3 * Male*Control -3.879 5.613 538.746 -0.691 0.490 (-14.906,7.147) 
Baseline MVPA 0.501 0.045 505.010 11.112 <0.001** (0.409,0.586) 
Intervention*Baseline MVPA 0.103 0.057 468.847 1.800 0.072 (-0.009,0.216) 
* Implies significance at the α=0.05, 378 
** Implies significance at the α=0.01 379 
 380 
Table 4 Type III analysis of interaction effects. 381 
 382 
Parameter F D.F. p 
Time * Intervention 4.537 (2, 582.684) 0.011* 
Gender * Intervention 0.902 (1,403.048) 0.343 
Gender*Time 1.634 (2,592.168) 0.196 
Time * Intervention*Gender 0.239 (2,592.168) 0.787 
Baseline MVP * Intervention  3.240 (1,486.847) 0.072 
*Implies significance at the α=0.05 383 
 384 
 385 
Post hoc analysis on the group comparisons of the intervention interaction with time 386 
are outlined in Table 5.  387 
 388 
Table 5 Post Hoc contrast test analysis for significant interaction effects 389 
 390 
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Comparison Estimated 
Difference 
d p C.I. 
Baseline Control 
Baseline Intervention 
-3.277 0.205 0.443 (-11.773,5.217) 
Post Control vs 
Post Intervention 
-9.657 0.604 0.03* (-18.364,-0.952) 
Post Female control vs 
Post Female Intervention  
-11.842 0.742 0.014* (-21.175,-2.509) 
Post Male control vs 
Post Male Intervention 
-7.476 0.465 0.143 (-17.519,2.572) 
* Implies significance at the α=0.05, 391 
 392 
Discussion  393 
The purpose of this study was to investigate the effect of participation in the Y-PATH 394 
intervention over a two-year period on objectively measured MVPA levels of young 395 
people. Data collected and analysed in this study confirm the well-known and 396 
frequently observed gender disparity in physical activity levels in youth [31,4,32] and 397 
the frequently reported age related decline in physical activity [31,4,32]; with males 398 
average daily MVPA dropping by 5.79 minutes over the two year period, and females 399 
average daily MVPA dropping by 10.33 minutes over the same period (the decline 400 
further exaggerating the gender disparity). Study findings support the efficacy of the 401 
Y-PATH intervention. After 24 months, the intervention was effective in maintaining 402 
MVPA levels specifically in females in the intervention condition, while control 403 
participants levels significantly declined. The findings suggest that implementing the 404 
Y-PATH intervention in post primary schools has the potential to address the age-405 
related decline in female MVPA levels. 406 
 407 
This study evaluating the Y-PATH intervention builds upon and supports the positive 408 
findings demonstrated in previous research [27,22] for the efficacy of the Y-PATH 409 
programme. Fig 3 graphically presents the trends in average daily minutes of MVPA 410 
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across gender and time for control and intervention conditions. From this graph the 411 
downward trend in MVPA over time is apparent for all groups, with the biggest 412 
decline evident for males in the control condition (where a higher level of MVPA at 413 
baseline was observed), and females in the control condition. Results of the mixed 414 
model analysis confirmed no main effect for BMI, but showed a significant  415 
time*intervention effect which was predominantly contributed by the impact of the 416 
intervention on females.  The significant interaction effects found within the data 417 
are presented in Table 4.  The post hoc analysis in Table 5 demonstrates how the 418 
interaction between time and intervention occurs. One can see that there was no 419 
significant difference between control and intervention at baseline, but a 420 
significant difference is evident between the control and intervention at 24-421 
months; with control participants demonstrating a significant decline in minutes 422 
of MVPA over the course of the intervention period. Findings are consistent with 423 
the results of the Physical Activity 4 Everyone cluster randomised trial in Australia 424 
[33], a trial similar to that reported in the current study. Sutherland et al. [33] 425 
evaluated the 24-month intervention effect of the multicomponent school based 426 
Physical Activity 4 Everyone intervention in disadvantaged schools (children aged 12 427 
years at baseline). Sutherland et al. [33] reported that the intervention was effective in 428 
increasing adolescents minutes of MVPA, and concluded that implementing the 429 
intervention may have the potential to slow the age related decline in physical 430 
activity.  431 
 432 
This finding is consistent with the results of the HEalth in Adolescents (HEIA) study 433 
in Norway [34], which evaluated the intervention effect of the HEIA 20-month 434 
multicomponent school based intervention (children aged 11 years at baseline), and 435 
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similarly found a stronger effect in females. The reason hypothesized by Grydeland et 436 
al. [34] for this gender effect, was that the intervention while not developed 437 
specifically for females, it was developed bearing low levels of female physical 438 
activity in mind. The same is true for Y-PATH PE. Moreover, the pedagogical focus 439 
within Y-PATH PE was to move PE class towards motivational climate, with an 440 
emphasis on student mastery rather than competition. Considering the consistent 441 
message from research through the years highlighting competition as a barrier to PE 442 
participation and enjoyment for females particularly [35–37], it may well be this 443 
pedagogical focus which explains the stronger finding for females in this study.  444 
 445 
The positive finding in terms of females who experienced the Y-PATH intervention in 446 
the current study are particularly encouraging when we consider findings of a recent 447 
systematic review and meta-analysis of the effectiveness of school based physical 448 
activity interventions in adolescent girls [38]. These authors [38] concluded, 449 
concluded, based on the small intervention effects observed across studies reviewed, 450 
that changing PA behaviour of adolescent females through school based interventions 451 
is challenging. The authors did go on to state however that multi-component 452 
interventions, and interventions based on theory may provide the strongest chance of 453 
positively impacting PA behaviour of this at risk cohort [38]; the fact that Y-PATH 454 
meets both of these criteria may well explain the positive result found in this study.  455 
 456 
Similarly in another systematic review [39] it was concluded that PA was a 457 
sustainable outcome from interventions in children and adolescents, with 458 
interventions such as Y-PATH which are longer than 1 year in duration and based on 459 
a sound theoretical model more likely to achieve sustained impact. This is consistent 460 
 21 
with the recent work of Meyer et al. [40] who advocated the need for longer sustained 461 
intervention programmes for sustained impact on health outcomes. In a recent 462 
systematic review of school based interventions aimed at increasing physical activity 463 
(and fitness) levels of youth [10], the authors conclude that school based application 464 
of multi-component interventions was the most consistent and promising strategy of 465 
those reviewed. The results presented in this paper on the outcomes of the Y-PATH 466 
intervention add further support to the conclusions’ of Kriemler et al., [10], and 467 
further point to the important role of school based multi-component interventions as a 468 
strategy for increasing physical activity levels of youth.  469 
 470 
The importance of targeted strategic intervention development and evaluation is also 471 
highlighted in the positive findings of this study. Y-PATH was developed based on 472 
careful consideration of the context and situation of the specific target cohort of 473 
adolescent Irish youth [18] to ensure it could meet their needs, and would work within 474 
the broad school and PE environment, specific to the Irish context. The Medical 475 
Research Council’s [41] advice on the development and evaluation of complex 476 
interventions was respected, with initial pilot, feasibility and evaluation research 477 
[18,27,22], followed by the two-year definitive trial reported in this paper. The 478 
partnerships developed over the course of this work, as documented in Belton et al. 479 
[17], have included local and national stakeholders to ensure that the next step of the 480 
Medical Research Council guidelines could be followed; the implementation phase 481 
where intervention findings can be translated into routine practice. The need for an 482 
intervention such as Y-PATH to address physical activity problems of Irish youth has 483 
been very well explicated in recent years at a national level. In 2016 Ireland published 484 
the first time a National Physical Activity Plan [42], with interagency agreement 485 
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between Government departments.  Action area two defined in the National Physical 486 
Activity Plan focuses on children and young people, with the specific target being that 487 
‘Children and young people learn the necessary skills for confident engagement with 488 
physical activity and will have opportunities to adopt an active way of life’ (pp 17; 489 
[42]. The government Departments which collaborated in the development of this 490 
plan highlighted that being active was central to health of children and young people, 491 
with key emotional, social and cognitive benefits. They further identified the 492 
importance of the school setting, a location where ‘the knowledge, skills and 493 
behaviours which are likely to enhance lifelong engagement in physical activity and 494 
good health’ should be developed (pp 17; [42]). Of key note in this document was the 495 
recognition of the role the school system should play, and in particular quality PE, in 496 
enabling children to lead physically active lives through the mastery of fundamental 497 
skills, and the acquisition of relevant knowledge and positive attitudes.  498 
 499 
These elements of quality PE recognised in the National Physical Activity Plan [42], 500 
are consistent with those highlighted in the concept of ‘physical literacy’, a term 501 
which is growing in use  in recent years. Physically literate people are those that move 502 
well, move often, and move confidently in a variety of situations to the benefit of their 503 
health [43–45]. Through the research carried out in the development of Y-PATH, the 504 
importance of positive attitudes, self-efficacy, motivation, and FMS ability to enable 505 
youth to be active was highlighted [18]; and the programme was built to satisfy these 506 
physical literacy needs. Y-PATH is a research-informed and evidence-based 507 
intervention programme [18,27,22], which meets many of the goals and 508 
recommendations of Irelands National Physical Activity Plan [42] as highlighted 509 
above. Perhaps more importantly when national implementation is considered as a 510 
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target however, the Y-PATH intervention was also developed with and for schools, 511 
and specifically to uphold and support the core tenets of the national PE curriculum 512 
for youth this age [46,24,18]. The findings of this study show that the Y-PATH 513 
intervention which was developed to meet the specific needs of Irish youth, is 514 
effective in helping to alleviate the known age related decline in physical activity that 515 
happens over this critical adolescent period. More recent research on the Y-PATH 516 
programme has seen the development of a targeted and sustainable national 517 
implementation plan, with multi agency support to ensure that the knowledge learned 518 
through this research can be translated into routine practice in Irish schools [17]. 519 
Commencing in September 2018, Y-PATH is being disseminated nationally, with a 520 
target of reaching every school in the country by 2021. Dissemination is being led by 521 
the Irish Heart Foundation, and supported by third level PE teacher education 522 
providers, Sport Ireland, and the Professional Development Service for Teachers 523 
(state body with responsibility for provision of professional development to teachers 524 
in Ireland)[17]. 525 
 526 
Strengths and limitations 527 
Following recommendations of other authors this evaluation involved interim 528 
measurements over the rollout period [15], and with retention follow-up of at least 529 
one year [9,47]. As recommended in these review papers [15,13,9], an objective 530 
measure of PA (accelerometry) was employed as the primary outcome measure, and 531 
as advocated by Kriemler et al., [10], measurement wasn’t restricted to the school day 532 
but included total PA. The choice of two days as our wear criterion may be considered 533 
a limiting factor, and in line with the discussions presented in Rich et al. [28] was 534 
chosen to strike a balance between reliability of estimates and sample size. The poor 535 
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compliance with accelerometer wear criteria must be acknowledged as a limitation 536 
however, with 86% meeting the 2 day criterion at T1, 60% at T2, and 82% (of the 537 
reduced sample of 10 schools) at T3. This issue is common across intervention studies 538 
such as that presented in this paper [48]. The smaller sample size at T3 due to the 539 
limited number of schools participating in data collection at 24 months means that 540 
changes in PA levels at follow-up testing should be interpreted with caution, as the 541 
mean PA levels reflect only a sub-sample of participants. The fact that this study 542 
included only mixed gender schools means that results are delimited to this cohort, 543 
and cannot be generalised to participants attending single gender schools. Given the 544 
Y-PATH programme itself targets physical activity self-efficacy and motivation 545 
(among other factors), future research should investigate these as potential mediators 546 
through which the Y-PATH intervention exerted it’s effect on MVPA, something 547 
which was not considered in this study. Finally, although the Y-PATH intervention 548 
may be considered relatively low cost, with no personnel cost involved in rollout 549 
aside from that incurred in CPD delivery, in order to truly determine the efficacy a 550 
cost-effectiveness analysis may be warranted. 551 
 552 
Conclusions 553 
Findings of this study support the efficacy of the Y-PATH intervention in helping to 554 
alleviate the age-related decline in MVPA over a two-year period in adolescent youth. 555 
Results provide further support for the efficacy of such school-based multi-component 556 
interventions. Translation of the research findings to routine practice in Irish schools 557 
is a critical next step for the intervention programme if it is to have a lasting effect on 558 
public health. The commitment of key stakeholders nationally in this regard to a 559 
sustainable national dissemination plan is a considerable step forward. Future research 560 
 25 
should investigate whether the effect of the Y-PATH intervention was specific to 561 
school day or weekend MVPA, whether the effect would remain consistent across 562 
single gender schools, and the intervention would continue to have an effect beyond 563 
the two-year period.  564 
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